Aim: To apply the Lamendin et al. (1992) technique on a Brazilian sample to assess its accuracy on this specific population. Methods: The authors present two measurements in single-rooted teeth: the peridontosis and transparency of the root. Then, these variables are inserted in an equation to estimate the individual's age. The sample comprised 49 teeth obtained from the collection of the Forensic Medicine Institute of Guarulhos, Brazil. Statistical analysis was performed with t and paired t tests, comparing chronological and estimated ages. Results: It was possible adjust the original formula for Brazilians by linear regression analysis: A = (P x 0.18) + (T x 0.47) + 31.77. Where, A = age; P = (periodontosis height x 100)/root height; and T = (transparency height x 100)/root height. Conclusions: The method is accurate only for young adults but it could be used with caution in individuals between 45 and 60 years of age to assist in estimating an age range. However, the technique loses its efficacy in older individuals.
Introduction
Age determination by teeth is an important part of Forensic Dentistry and Anthropology, since it valuably assists in cases of identification. For many years and still now, the scientific community have produced a large number of researches on this topic. Several of them are based on developmental stages of teeth, which makes them suitable for estimating age of children and adolescents [1] [2] [3] [4] . For adults, the methods are often based on degenerative modifications, such as attrition, periodontosis, transparency of the root, secondary dentin, cementum apposition and root resorption.
Since Gustafson 5 (1950) first published his work on age determination by degenerative changes in teeth, several authors [6] [7] [8] developed other methods based on the characteristics he described, including Lamendin et al. 9 (1992). The technique was developed to be plain and with the purpose to estimate adults' age at death. It consists in the analysis of two dental variables (periodontosis and transparency) and three height measurements (periodontosis, transparency and root),applying the numbers to the following formula: A (age) = (P x 0.18) + (T x 0.42) + 25.53. Where, A = age; P = (periodontosis height x 100)/root height; and T = (transparency height x 100)/root height. The method is a good option to be used in forensic cases. Therefore, the aim of this study was to apply Lamendin's technique to a Brazilian sample in order to assess its efficacy on this population.
Material and methods
The technique, as described by Lamendin et al. 9 (1992), was applied to 49 single-rooted teeth from 26 skeletonized individuals. The sample consisted of a collection of corpses formerly buried in a cemetery in Guarulhos, SP, Brazil, and then donated by their families to the Forensic Sciences Study and Research Center at the Forensic Medicine Institute of Guarulhos. Donations were made 3 years after death and burial. Age and gender were known with certainty.
The region of Guarulhos has a humid subtropical climate with annual averages of 19°C temperature, 81.1 air relative humidity and1470 mm rainfall. The rain concentrates in the summer months, contrasting with the dry period, which corresponds to the winter months (July and August). The soil from where the skeletons were taken has a pH around 5.5, which means that the concentration of hydrogen ions is high, making it an acid soil.
The original method advocates the measurements to be made on the labial surface of the root, which was honored in this study. However, in some cases this surface was exposed due to lack of bone structure in this area and was damaged during cleaning of the skulls, impairing visualization on this surface. In such cases, measurements were made on the most labial part of the mesial surface.
As defined by the authors, the periodontosis is a yellowish area darker than the enamel, but lighter than the rest of the root. It corresponds to the maximum distance between the cement enamel junction and insertion line of soft tissues, as shown in Figure 1 .
The root transparency results from hydroxyapatite crystals deposition inside the dentinal tubules, and the maximum length of transparency is measured from the apex.
To avoid erroneous measurements, in the present study all measurements were taken at a starting point on an imaginary line at the height of the root apex, as illustrated in Figure 2 . A digital sliding caliper was used to make all measurements and a light box was used to aid visualization of root transparency. The observer was unaware of the chronological age during this process.
To evaluate intra-and inter-observer variation, BlandAltman analysis with Pitman's test of difference in variance was used. To verify efficacy of the method, the estimated ages obtained by applying measurements to Lamendin's formula were compared to chronological ages and statistically analyzed with t and paired t tests. All analyses were performed with STATA® 12 (Stata Corp., College Station, TX, USA), and a 5% level of significance was set.
The study was approved by the Ethics Research Committee of University of São Paulo School of Dentistry under protocol number 76/11 and CAAE 0086.0.017.000-11.
Results
At the time the investigation was conducted, there were 66 individuals in the collection; 27 of them had viable teeth for the research. However, after the measurements, it was revealed that one skull belonged to a 17 year-old boy, which led to its exclusion from the sample, due to the Lamendin's formula constant (25.53), which does not allow for estimating the age of individuals less than 25 years old. Therefore, the final sample comprised 49 teeth from 26 skulls. Whenever possible, two teeth were extracted from the same individual, thus 14 teeth from 7 females and 35 teeth from 19 males were obtained.
Two weeks after measurements, 10 teeth were randomly selected to test intra-and inter-observer variation. The second observer was calibrated and also blinded. Variations were never higher than 1mm and Bland-Altman analysis with Pitman's test of difference in variance showed that the measurements were statistically equal between observers and the main observer (p>0.05).
Ages at death varied from 30 to 81 years, with a mean of 49.08 years. The sample was divided into age groups, as displayed in Table 1 . This table also shows the comparative analysis between estimated and chronological ages for each group performed with paired t test. The sample was also divided according to gender (Table 2) . Table 3 shows compares the differences in age estimation using Lamendin's formula with and without adjustment to Brazilian population.
Discussion
Although Lamendin et al. 9 (1992) states that the method is not suitable to estimate the age of young adults, the formula produced better results in that group of the Brazilian sample with a mean error (ME) of 1.22 in the <39-year-old group. It is worth noting that, as individuals between 40 and 45 years were included in the group, accuracy and variation improved, suggesting that this technique is very efficient in this age group. Several authors had similar results [10] [11] [12] [13] [14] , but others also presented better outcomes in groups over 50 years of age [15] [16] . The other age groups did not present statistically significant results, but the 40-59-year-old group had a much lower ME than group >60. This shows that the method is not suitable for individuals over 60 years and it may be used to estimate only the age range for subjects between 40 and 60 years. Most studies show similar results, in which ME for adults over 60 years of age presents a high variation (ME>15) [10] [11] [12] [13] [14] 16 . It is also agreed among the researchers that in older groups, age is underestimated while in younger adults, age is overestimated [10] [11] [12] [13] [15] [16] . In the total sample, age was best estimated in males, which could be explained by the difference in sample size. Although no significant differences were observed between genders, it may be noticed that in the 40-59-year-oldgroup females showed a much lower ME than males. A study on a larger sample is required to clarify if this difference has statistical significance. The literature shows diverging results as to the correlation of the technique with gender; some authors found best results for males 10, 14 , as opposed to others that observed better estimates forfemales 16 , while other study reported no difference regarding gender 15 . In general, authors 9, 11, [13] [14] 16 do not specify several sample conditions, such as inhumation, exposure to substances or state of teeth. In the present study such aspects are reported because they may influence or even determine the conservation of anatomical structures (teeth), which directly affects the method application.
It was also observed that some studies do not make clear whether they were blinded or not, but performed intraand inter-examiner 10, 16 correlations, one of theminaccurate 11 . In the present study both criteria were respected to assure greater reliability and reproducibility of results.
Ubelaker and Prince
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(2002) observed differences between blacks and whites, but did not go deep into the subject, not specifying whether a group would be more accurate than the other, unlike Martrille et al. 16 (2007) who observed better results in whites. Foti et al. 10 (2001) found higher accuracy in the mandible than in the maxilla. In the present study these classifications were not considered, mainly to have a closer approach to the forensic reality, where the Age estimation by teeth periodontosis and transparency: accuracy of Lamendin's method on a Brazilian sample Table 1  Table 1  Table 1  Table 1  Table 1 -Estimated age compared with chronological age Table 2  Table 2  Table 2  Table 2  Table 2 -Estimated age compared with chronological age according to gender.
Male x Female p=0.413
expert does not know initially the age of a skull or a single tooth.
Most of the collected teeth were canines (n=20) and lateral incisors (n=17); there were only 3 premolars and 6 central incisors. Therefore, the number of different types of teeth was insufficient to perform a statistical analysis.
It has been suggested that there are significant differences between populations [11] [12] [13] [14] [15] 17 . For this reason, a specific formula for Brazilians was developed by linear regression analysis.
The new formula is as follows: A = (P x 0.18) + (T x 0.47) + 31.77 Where, A = age; P = (periodontosis height x 100)/ root height; and T = (transparency height x 100)/root height.
Age estimation by teeth periodontosis and transparency: accuracy of Lamendin's method on a Brazilian sample Table 3  Table 3  Table 3  Table 3  Table 3 In order to test its accuracy in a Brazilian population, a different sample would be required, which was not available for this research. In addition, the sample used to develop this formula was relatively small, and the youngest individuals were 30 years old, which made the constant to be relatively high and impaired age estimation of adults younger than 31 years of age.
Lamendin's method is a suitable option for estimating ages of Brazilians between 30 and 45 years old. The technique loses its efficacy in other age groups, but with proper care, it could be used to help establishing age ranges for individuals between 45 and 60 years. Further research is required to test the suggested formula or even develop a new one with better results in the Brazilian population.
